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REMARKS 

Applicants thank the Examiner for the consideration given the 
present application. Claims 1-14 are pending, of which claim 1 is 
independent, and claims 10-14 are added. Support for added claims 
10-14 can be found in the present specification, e.g., page 13, line 
20, through page 14, line 7. 

Applicants traverse and request reconsideration of the rejections 
under 35 U.S.C. §112, first and second paragraphs. The claims are 
supported by an enabling specification. As to claims 6 and 7, 
attention is invited to the specification at pages 10, 13, and 14. 
Claim 7 is supported by the original specification. 

Applicants traverse and request reconsideration of the rejection 
of claims 1-7 under 35 U.S.C. §102 (b) as being anticipated by U.S. 
6,187,456 to Lever as evidenced by the Rentz article, as well as the 
rejection of claims 8 and 9 under 35 U.S.C. §103 (a) as being 
unpatentable over Lever in view of Rentz. 

As noted in the Office Action, Lever describes an antimicrobial 
agent comprising a silver ion carrier such as silver zirconium 
phosphate, but fails to disclose a silver ion carrier having an anti- 
coronaviral effect such as the anti-SARS effect set forth in 
Applicants' claims 8 and 9. 

The Office Action asserts the antimicrobial effects of the Lever 
compound will also necessarily have anti-coronaviral effects. 
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specifically, the anti-SARS effects evidenced by Rentz. However, on 
page 112, eight and ninth lines from the bottom of the page 112, Rentz 
reports that the "silver nitrate, silver sulfadiazine and 
electrolytically produced Ag"^ all had different antiviral properties''. 
Thus, even taking Rentz into account, one skilled in the art would not 
expect an anti-coronaviral effect from a silver ion carrier such as 
silver zirconium phosphate, which is different from silver nitrate, 
silver sulfadiazine, and electrolytically produced Ag"^. 

The Office Action contends Rentz refers to SARS in relation to 
electrolytically produced Ag"^ at page 113, fifth line from the bottom 
of the page, through page 114, fourth line from the bottom of the page. 
However, it is conventionally understood that the bactericidal activity 
of the silver zirconium phosphate is not derived from silver ions, but 
rather from superoxide or hydrogen peroxide formed by certain 
photochemical reactions catalyzed by the silver zirconium phosphate. 

Attention is directed to the enclosed article by Kourai et al. 
{Journal of Antibacterial Antifungal Agents, Vol. 22, No. 10, 1994, pp. 
595-601), especially the Abstract and Conclusions on pages 595 and 601. 

The silver zirconium phosphate used in the presently claimed 
invention is a powdery substance that is different from 
electrolytically produced Ag"*" and other Ag-ion containing solutions 
disclosed by Rentz. In addition, the silver zirconium phosphate used 
in the presently claimed invention has nothing to do with the 
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oligodynamic effect of elect rolytically produced Ag"^ described in the 
accompanying article by Kourai et al. Accordingly, Applicants 
respectfully submit there is no scientific basis for combining Lever 
with Rentz. 

In view of the foregoing amendments and remarks, Applicants 
believe their claims 1-14 define novel and unobvious inventions over 
the Lever and Rentz references, and withdrawal of the outstanding 
rejections are respectfully requested. The present application is in 
condition for allowance, and such action is urged. 

To the extent necessary during prosecution, Applicants hereby 
request any required extension of time not otherwise requested and 
hereby authorize the Commissioner to charge any required fees not 
otherwise authorized, including application processing, extension, and 
extra claims fees, to Deposit Account 06-1135. 



Customer No. 42798 

One Lafayette Centre 
1120 - 20^^ Street, NW 
Suite 750, South 
Washington, DC 20036 
(202) 419-7000 (telephone) 
(202) 419-7007 (telecopier) 
KHC:rk 



Respectfully submitted, 



FITCH, EVEN, TABIN & FLANNERY 




Kendrew H, Colton, #30,368 



(Original] 



Mode of Bactericidal Action of Zirconium Phosphate 
Ceramics Containing Silver Ions in the Crystal Structure 

Hiroki KOURAP, Yuki MANABE% 
YukioYAMADA" 

•Department of Chemical Science and Technology, Faculty q/ Engineering, The University ci Tokushima, 
Minamijosanjima—cho, Tokushima 770, Japan 
^Touagosei Co. Ltd., Funami-cho, Minato-ku. Nagoya, 455, Japan 



ISSN 0385-5201 



m m &. 



J. Antibact, 
Antifung. Agents 



mmwmm voi.22 no.io (1994) mm 

THE SOCIETY FOR ANTIBACTERIAL AND ANTIFUNGAL 
AGENTS, JAPAN. 

Shinkousan Bldg., 13-38, Nishi-Hon-machi 1-chome, Nishi-ku, Osaka, 550, JAPAN. 



(J. Antibact. Antifung. Ag-ents Vol.22, No.lO, pp.SQS-^GOl, 1994] 595 
[Original] 
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Hiroki KOURAI% Yuki MANABE%. . 
Yukio YAMADA^ 

""Department of Chemical Science and Technology, Faculty of Engineering, The University of Tokiishima, 
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NOVARON, a zirconium phosphate ceramic containing silver ions in the crystal 
structure, exhibits strong antimicrobial activity against gram positive and negative 
bacteria, yeasts and molds. In this study, we investigated the mode of bactericidal 
action of NOVARON using Escherichia coli Kl2 W3110 and Staphylococcus aureus - 
IFO 12732. An aqueous suspension of 5, 000 jug per ml of NOVARON was kept for 24 
hr at 25'C and filtered with a membrane filter (pore size : 0. 2juni). The filtrate did 
not exhibit bactericidal activity. Therefore, it was suggested that the bioactive mate- 
rials which play a role in the bactericidal action are not silver ions but ceramics par- 
ticles instead. NOVARON exhibited strong bactericidal activity in an atmosphere of 
oxygen, but the activity. was extremely reduced in that of nitrogen. The bactericidal 
activity of NOVARON was approximately proportional to the intensity of irradiation 
with visible light. In particular, the activity was enhanced by the irradiation with a 
wave length region of about 656-780nm. In addition, the activity was extremely in- 
hibited by the addition of catalase, superoxide dismutase or L-cysteine. When the 
aqueous suspension of NOVARON was irradiated Avith visible light separated with a 
diffraction grating, the formation of superoxide was approximately proportional to 
the wave. length. Furthermore, a small amount of hydrogen peroxide in the aqueous 
suspension of NOVARON was detected when the suspension was irradiated with a 
white light in an atmosphere of oxygen or air. These findings lead to a conclusion 
that bactericidal active materials are superoxide and hydrogen peroxide formed by 
certain photochemical reactions on the surface of NOVARON particles. 

(Accepted 13 Aprai994) 
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INTRODUCTION zolyl) benzimidazol has also exhibited strong 

The organometallic and inorganometallic com- antimicrobial activities ^ . Silver ions released 

pounds of group IB, JIB and IVB exhibit antimicro^ from the zeolite or the montmorillonite particles 

bial activities 1-8) ^ ZeoMie containing silver ions has probably play a role in the bactericidal action. Our 

also shown strong bactericidal activity»^ . Mont- previous paper' described the antimicrobial char- 
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ing: silver ions in the crystal structure against gram 

positive and negative bacteria, yeasts and molds. 
The ceramic pieces were white and cube-shaped and 
0. 3-^ 0. 5// m in :size.^ No silver ions were liberated .• 
from the ceramics bjf treatment, with 4)oiling water. . . 
The ceramics had strong bactericidal activity and 
fungicidal activity, but germicidal action was not ob- 
served against the spores of Bacillus subtilis. In addi- 
tion, the bactericidal activity .of the ceramics- was 
proportional to the stirring speed of bacterial cell 
suspension. 

Recently we found that the bactericidal activity of 
zirconium phosphate ceramics containing silver ion 
was extremely enhanced by white, light irradiation 
and oxygen. The purpose of this investigation vvas to 
delineate the bactericidal active materials of NO- 
VARON, and to elucidate the mode of the action 
against Escherichia coU K12 W3110 and Staphylococ-, 
cus aureus WO \21Z2. 

MATERIALS AND METHODS 
Chemicals and enzymes 

The procedures of synthesis and chemical properr 
ties of zirconium phosphate ceramics containing sil- 
ver ion. NOVARON, were previously described* . 
Hydrogen peroxide, L-cysteine, (±) -epinephrine. 
AgNOa, ZnClg, CuSO* • SHgO, and MnCl^ • m^O 
were purchased /roin Wako Pure Chemical Indus- 
tries, Ltd.. Osaka Japan. Enzymes such as Catalase 
(EC 1.11.1.6) from bovine liver and superoxide dis- 
mutase (EC 1. 15. 1. 1) from bovine erythrocyte were 
also purchased from Wako Pure Chemical Indus- 
tries . 

Minimum bactericidal concentration 

Staphylococcus aureus IFO 12732 and Escherichia 
coll K12 W3110 were used for the measurement of 
minimum bactericidal concentration (MBC) . Each 
bacterium preincubated in a nutrient broth (Difco 
Lab.. USA) for 18 hr at ST'C was inoculated into a 
fresh nutrient broth. After the inoculated culture was 
grown to early log-phase, the cells were harvested 
by centrifugation (5, 000xg, lOmin) at 2t:. The har- 
vested cells were washed twice with an ice-cold ster- 
ilized water and suspended in an ice-cold sterilized 
water at 10* cells per ml. The aqueous suspension of 




NOVARON ( 1 mg per ml) was diluted siejwvase witK 
sterilized water. Each 1 ml portion of the diluted 
suspension was mixed with 1 ml of the washed cell 
•suspension arid inciJbated in a water-bath shaker for 
-.30 min^at^aOX::. Th^n .the O. J ml. portions .of the mix- 
tures were withdrawn and inoculated into 2 ml of a 
fresh nutrient broth. After the inoculated broth was 
incubated at 37T: for 24 hr, MBC was determined by 
visual inspection. The MBGs of .Ag* ion, Zn^^ ion, 
Cu^.* ion, Mn2+ ion, and hydrogen peroxide were also 
measured in a similar manner described above. 
Bactericidal activity 

The exponential-phase cells of Escherichia coli K12 
W3110 were employed for bactericidal tests. Ten-mi 
portions of the washed cell suspension (10® cells 
per nil) were poured into 100ml flasks containing 
prescribed amounts of NOVARON and the flask 
contents were incubated. on a. reciprocal flask shaker 
(120 stroke per min) at 30*C. After 5, 10, 20 and 30m in, 
0, 5ml portions of the contehts were withdrawn and 
the appropriate decimal dilution was made with a 
sterilized physiological saline, followed by spreading 
the respective diluted suspension on nutrient agar 
plates. The plates were incubated at STTl for 24 hr, 
then viable cell colonies were counted. 
Effect of oxygen or nitrogen on bactericida] 
activity of NOVARON 

The mixture of lOm] of the washed log-phase cell 
suspension (10* cells per ml) of E. coli K12 W3110 
and prescribed amounts of NOVARON in 100ml 
Erlenmeyer flask equipped with a gas-inlet tube 
was incubated on a reciprocal flask, shaker (120 
stroke per min) at 30 °C in an atmosphere of nitro- 
gen, oxygen or air under white light irradiation 
with a SOOwatt incandescent bulb or in a dark 
room. After 5. 10. 20, and,30min, 0.5ml portions of 
the contents were withdrawn and the viable cells 
in the contents were counted as mentioned above. 
Effect of white light irradiation on bactericidal 
activity 

The washed log-phase cell suspension (10* cells 
per ml) of E, coli K12 was treated with 20// g per ml 
of NOVARON under white light irradiation with a 
3O0 'watt incandescent bulb for SOrhin at 30*C on a re- 
ciprocal shaker (140 stroke per niin). The dis- 
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tance between the bulb and the cell suspension was 
0. 1, a 3, 0. 5, I 0, 1. 5 or 2. Om. After §, 10, 20 and 30 
min, 0. 5ml portions of the contents" were withdrawn 
and the viable cells in the contents were counted 
as mentioned above. 

Effect of catalase, superoxide dismutase or 
L-cysteine on bactericidal activity 

The washed log-phase cell suspension (10^ cells 
per ml) of K coli K12 containing 2, 000 units per ml 
of catalase, 330 units per ml of superoxide dismutase 
or 200 /ig per ml of L-cysteine was treated with 10 
per ml of NOVARON under room light at 30T:, 
After 5, 10, 20 and 30min, 0. 5ml portions of the cell 
suspensions were withdrawn and the viable cells 
in the contents were counted as mentioned above. 
Effect of wave length of iradiation light on bacte- 
ricidal activity 

Three-ml portions of log-phase cell suspensions 
(10« ceils per ml) of E. coli Kl2 W3110 and S. aureus 
IFO 12732 were poured into quartz cuvettes containing 
30/ig of NOVARON respectively. The contents of the 
cuvettes were irradiated with separated visible light 
(400'^780nm) with a fluorescence, spectrophotometer 
(HITACHI 204) under bubbling sterilized air at SOX) 
for 60min. The viable cells in the contents were mea- 
sured by a colony count method as described above. 
Measurement of superoxide 

Epinephrine is quantitatively oxidized by superox- 
ide to give adrenochrome » 2- 1 . The mixture of 70/z g 
of NOVARON and 3. 5ml of 1 mM epinephrine in 0, 02 
M phosphate buffer (pH 7. 0) containing 0. ImM of 
EDTA was irradiated with separated visible light 
(400'--8OOnm) with a HITACHI 204 fluorescence 
spectrophotometer under stirring at 20V. After the 
mixture was filtered with a membrane filter (pore 
size 0. 2/im), the adrenochrome in the filtrate was 
measured with a Shimadzu UV- 160 spectrophotome- 
ter at 480nm. . 

Measurement of hydrogen peroxide 

Hydrogen peroxide oxidizes iodide ion to give 
iodine that reacts with an aqueous starch solution. 
The mixture of 10ml of 0, 05M phosphate buffer 
(pH 4, 7 and 9) containing 50 mg of NOyARON 
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and 0. 2 ml Kl-starch aqueous solution was allowed 
to stand under white light irradiation with a 300 
watt incandescent bulb or in a dark room for 30min 
at 30tJ in an atmosphere of air, oxygen or nitrogen. 
The distance between the bulb and the mixture 
was 0. 5m. Hydrogen peroxide was determined with a 
Shimadzu UV -160 spectrophotometer at536nm, 

RESULTS AND DISCUSSION 
Minimum bactericidal concentration of metal ions 
and NOVARON 

In a previous paper*" , we have shown that the 
bactericidal activity of NOVARON varies in propor- 
tion to the stirring speed of bacterial cell suspension. 
The result indicates that the surface of NOVARON 
may play a role in the bactericidal action or that the 
active materials may exist in the neighborhood of the 
particle surface. To investigate the bioactive materi- 
als on the surface of NOVARON particles, the MBCs 
of NOVARON and the supernatant of NOVARON 
aqueous suspension, Ag* ion. Zn*+ ion, Cu^* ion, and 
Mn«^ ion were measured against coU K12 W3110 
andS. aureus IFO 12732 (Table 1). MBCs of NO- 
VARON against co£t K12 W3110 and 5. aureus 
IFO 12732 were 15. 6jcig per ml and 125 fig per ml 
respectively. The aqueous suspension of 5 mg per ml 
of NOVARON was kept for 24 hr at 25V and filtered 
with a membrane filter. The filtrate exhibited no 

Table 1. Minimum bactericidal concentration 
(MBC) of metal ions, NOVARON and 
filtrate of NOVARON suspension against 
bacteria 



Materials 


MBCs (fig/miy 


Escherichia coli K12 


Staphylococcus aureus 




WSllO 


IFO 12732 


Filtrate*> 




>2.500'' 


NOVARON 


15.6 


125 




0. 00024 


0. 0078 




3.9 


62.5 


Cu2- 


>2. 000 


500 




>2.000 


>2, 000 



•> MBCs were measured by a dilution method atSOt 

for 30 min. 

NOVARON- suspension (5, OOOjug/ml) in a distilled 
water was kept for 24 hr at 25*^ and filtered with a 
membrane filter. 

Concentration based on original suspension of 
NOVARON. 
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bactericidal activity. On the other hand, Ag^ ion 
exhibited much strong'er activity than. Cu^* ion, 
.Zn^+ ion, Mn^* ion, and NOVARON. Jt was reasoned 
that the filtrate of NOVARON must exhibit strong 
bactericidal activity if silver ions are actually re- 
leased from NOVARON particles. From these find- 
ings, it was indicated that the bioactive materials of 
NOVARON that play a role in the bactericidal 
action are not silver ions but other materials. 
:£ffect of white light irradiation^* nitrogen, and 
oxygen on bactericidal activity of NOVARON 

To study the characteristics of bactericidal action 
of NOVARON, the effect of white light irradiation, 
nitrogen and oxygen on the bactericidal activity 
against log-^pha^e cells of E, coli K12 was investi- 
gated. Ten //g: per ml of. NOVARON did not exhibit 
bactericidal activity in an atmosphere of purified 
nitrogen in a dark room, while under white light 
irradiation with a 300 watt incandescent bulb it 
exhibited weak bactericidal activity (Fig. 1 ). On the 
other hand, the bactericidal activity of 10 /ig per ml 
of NOVARON was extremely enhanced by the irradi- 
ation of white light in an atmosphere of oxygen 
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Fig.l. Effect of white light irradiation on the bac- 
tericidal activity of NOVARON against E. coli 
K12 W3110 in an atmosphere of nitrogen. The log- 
phase cell suspension (10* cells/ml) was treated 
with NOVARON under white hght irradiation with a 
300 watt incandescent bulb for 30 min at 30**C on a 
reciprocal shaker (120 strokes/min) . The distance be- 
tween the flask and the bulb was 50cm. Symbols : 
O. 0/zg/ml NOVARON under white light irradia- 
tion ; Otig/ml NOVARON in a dark room : 
10//g/ml NOVARON under white light irra- 
diation ; 10/ig/ml NOVARON in a dark room. 

















- • 












■ — ■ — 


■= — ■ 


J 


1—1- 


1 1 


1 1 





to 15 20 
Time (min) 



25 30 



Fig.2. Effect of white light Irradiation on the batericidal 
activity of NOVARON against jS. coli K12 W3110 
in an atmosphere of oxygen. 

The log-phase cell suspension (10® cells/ml) was 
treated with NOVARON under white light irradia- 
tion with a 300 watt incandescent bulb for 30; min 
at SOV on a reciprocal shaker (120 slrokes/minX 
The distance between the flask and the bulb was 
50cm. Symbols : O, Oug/ml NOVARON under 
white light irradiation ; 0;:ig/ml NOVARON 
in a dark room ; Q 10//g/ml NOVARON under 
white light irradiation ; lOjug/ml NOVARON 
in a dark room. 
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Fig.3. Kffect of the intensity of white light irradiation 
on the bactericidal activity of NOVARON against 
E, coli K12 W3110 in the atmosphere. 
The log-phase cell suspension (10^ ceDs/ml) was 
treated with NOVARON (20^g/ml) under white 
light irradiation with a 300 watt incandescent bulb 
for 30 min at SOt on a reciprocal shaker (140 strokes/ 
min). The numerical values indicate the distance 
between the bulb and the cell suspension. 

(Fig. 2 ). These results suggest that the bacteri- 
cidal action of NOVARON requires oxygen and light. 
To verify that the bactericidal action of NOVARON 
needs light, the effect of the intensity of white light ir- 
radiation on the bactericidal activity was investigated 
in an atmosphere of air. The cell suspension (10® 
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cells/ml) of E, coli K 12 was treated with 20 ug per 
ml of NOVARON under white light irradiation at 30 
X for 30min under stirring with a reciprocal shaker 
(120 stroke per min). The distance between a 300 
watt incandesc€nt*'bulb and the flask containing cell 
suspension was 0. 1, 0. 3, 0. 5 1. 0. 1. 5 or 2, 0 meters. 
The bactericidal activity of NOVARON increased 
with decrease in the distance between the bulb 
and the flask (Fig. 3 ). It seenis that the rate of the 
bactericidal action is. proportional to the light intensi- 
ty. When the distance was less than 0. 3 meter, the 
viable cells were not detected. The results indicate 
that photochemical reactions on the surface of 
NOVARON occur by white light irradiation and that 
a bioactive litiaterial such as superoxide is formed. 
ECfect of catalase, superoxide dismutase or cys- 
teine on bactericidal activity 

To delineate the bioactive materials on the surface 
of NOVARON, the effect of the addition of catalase. 
superoxide dismutase or L^cysteine on the bactericid- 
aPactivity was investigated under white light irradi- 
ation. Fig. 4 shows how catalase or superoxide dis- 
mutase affected the bactericidal activity of NO- 
VARON against log-phase cells of E. coli K12 at 30 
TC. The bactericidal activity of NOVARON was re- 




Time (min) . 

Fig. 4, Effect of catalase and superoxide dismutase on 
the bactericidal activity of NOVARON against E. coli 
K12 Waiib, The log-phase ceJl suspension (10^ cells/ 
ml) containing- catalase or superoxide dismutase 
was treated \yith NOVARON under room light. 
Symbols : O/zg/rnl NOVARON ; iOfig/ml 
NOVARON ; 10;^ g/ml+ 330 units/ml su peroxide 
. dismutase ; O, 10 ju g/ml NOVARON + 2, 000 units/ml 
catalase <>, lOug/ml NOVARON + 330 units/ml 
denatured superoxide dismutase by heating+2, 000 
units/ml'denatured catalase fay heating-. 



duced by ihe addition of 2. 000 units per nil of cata- 
lase orSSOurtits per ml of superoxide dismutase. On 
the other hand, the mixture of2, 000 units per ml of 
catalase and 330 units per nil of superoxide dis- 
riiutase, which was denatured by heating at9Ci'C for 
15 min, did not inhibit the bactericidal activity. 

In a previous paper' ^\ we have shown that the 
bactericidal activity of NOVARON was considerably 
inhibited by the addition of peptone. These findings 
imply that the antagonistic action of catalase and 
superoxide dismutase against the bactericidal action 
of NOVARON is not due to the effect of the enzyme 
protein but their enzymatic actions. In addition, 
the bactericidai^ activity was strongly inhibited 
by the addition of ^00./i g per ml of L-cysteine 
{Fig. 5 ). Consequently, it was suggested that 
bioactive materials formed on the surface of NO- 
VARON by white light irradiation are hydrogen 
peroxide and superoxide. 
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Fig.5, Effect of L-cysteine on the bactericidal activity 
of NOVARON against E, coli K12 W3110, The log- 
phase cell suspension (10* cells/ ml) containing 
L-cysteine with NOVARON under room light. 
Symbols : #, O/zg/ml NOVARON ; 20;ug/ml 
NOVARON ; A. 20 u g/ml NOV ARON+200 u g/ml 
L-cysteine ; 200jwg/ml L-cysteine. 

Effect wave length of irradiation light on su- 
peroxide production 

Epinephrine is quarititatively oxidized by superox- 
ide to give adrenochrome. The effect of wave length 
of irradiation light on superoxide production was. in- 
vestigated concerning the formation of adrenochro- 
me. The mixture of 70 m g of NOVARON and 3. 5ml 
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of 1 mM epinephrine in 0. 02M phosphate buffer 
(pH 7. 0) containing 0. ImM of EDTA was irradiated 
with visible light at wavelengths of 400-800nm while 
being stirred 20V, The adrenochrome in the filtrate 
of the mixture with a membrane filter was measured 
at 480 nn>. The absorbance of adrenochrome in- 
creased with an increase in irradiated wave length 
(Fig. 6 ). The results suggest that the amounts 
of superoxide formation were strongly affected 
by the wave length of the irradiation light. 
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Fig.6. Effect of wave length of irradiation light on the 
superoxide formation of NOVARON. The mixture of 
3, 5ml of ImM epinephrine in 0. 02M phosphate buffer 
CpH 7) containing 0. ImM EDTA and 70 ;£ g of NGVAr 
RON was irradiated with visible light of wave lengths 
400'-800nm with a fluorescence spectrophotometer 
for 60min under stirring at 20V. After the mixture 
was filtered with a membrane filter (pore size 0. 2 
fim), the adrenochrome in the filtrate was measured 
with a spectrophotometer at 480nm. 



Effect of wave length of irradiation light on bac- 
tericidal activity 

The effect of wave length of the irradiation light 
on the bactericidal activity of NOVARON was inves- 
tigated using Ic^-phase cells of K coli K12 W3110 
and S. aureus IFO 12732. Each cell suspension 
containing lO^g per ml of NOVARON was irradiated 
with the visible light at wave lengths of 400-780 
nm with a fluorescence spectrophotometer under 
bubbling sterilized air at 30'C for 60min. The viable 
cells of E. co£i K 12 and S. aureus were decreased with 
an increase in irradiated wave length (Fig. 7 ). 
These results are consistent with the view that the 
formation of superoxide increases with an increase 
in wave length of illuminated light. 




400 



600 



500 600 700 
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Fig.7. Effect of wave length of irradiation light on the 
bactericidal activity of NOVARON against B. coli 
K12 W3110 and S. aureus IFO 12732. The log-phase 
cell suspensions (10* cells/mi) containing lOjug/ml 
of NOVARON were irradiated with visible light 
at wave length of 400'--780nm with a fluorescence 
spectrophotometer for 60 min under bubbling 
sterilized air. Symbols : O, R coli K12 W311D ; 
S. aureus IFO 12732. 



Hydrogen peroxide 

To determine the formation of hydrogen peroxide, 
the mixture of 10ml of 0. 05M phosphate buffer (pH 4, 
7 and 9) containing 50mg of NOVARON and 0. 2ml 
Kl-starch aqueous solution was allowed to stand un- 
der white light irradiation with a 300 watt incandes- 
cent bulb or dark room for 30min at 30X under an 
atmosphere of air, oxygen or nitrogen. Hydrogen 
peroxide was determined by a photometric mea- 
surement at 536nm. A smiall amount of hydrogen 
peroxide was detected at pH 4 and 7 in an atmosphere 
of oxygen and air when the mixture was irradiated 
with white light as shown in Table 2, On the other 
hand, hydrogen peroxide was scarcely detected at 
pH Bin a dark room. In addition, NOVARON- has 
a weak catalase-like activity at pH values showing 
weak alkalinity. Because of the catalse-like activity, 
it seems that the formation of hydrogen peroxide 
is not detected in a weak alkaline solution. 
Bactericidal activity of hydrogen peroxide 

MBCs of hydrogen peroxide against £1 coli Kl2 
W.3110 arid S. aureus IFO 12732 were measured 
(Table 3). The activity of hydrogen peroxide was 
considerably low (MBC : 300 //g per ml). MBCs of 
NOVARON against E, coU K12 W3I10 and S. aureus 
IFO 12732 were 15. 6// g per ml and \2^fXg per ml 
respectively described above. Therefore, in view of 
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Table 2. Generation of hydrogen peroxide by 
NOVARON 



Atmosphere 



White light 
irradiation*' 



Hydrogen peroxide*' 
pH 



Air 


Irradiated 
Dark room 






Oxygen 


Irrad iated 
Dark room 


-H- + 




Nitrogen 


Irradiated 
Dark room 







The mixture oflO ml of 0. 05M phosphate buffer co- 
ntaining 50 mg of NOVARON and 0. 2 ml Kl/starch 
solution was alJowed to stand under white light 
irradiation with a 300 watt incandescent bulb or in a 
dark room for 30 min at 30*0 under an atmosphere of 
air, oxygen or nitrogen. 

Generation of hydrogen peroxide was determined with 
by a colorimetry at 536 nm. 
'* Symbols - , <0. 05 ppm ; + . 0. 05—0. 2 ppm ; 
•fr, >0. 2ppm 



Table 3. Minimum bactericidal concentration (MBC) 
of hydrogen peroxide against Bacteria 



No, 


Bacteria 


MBCs {/ig/miy^ 


1 


Escherichia coli K12 W3110 


300 


2 


Staphylococcus aureus IPO 12732 


300 



> MBCs were measured by a dilution method at 30X; for 
30 min. 



these facts, the bioactive material which plays a 
major role in the bactericidal action seems to be 
superoxide. The hydrogen peroxide formed on the 
surface of NOVARON and its degradation product 
such as hydroxyl radical may play an important 
role in bactericidal actions if the hydrogen peroxide 
is immediately decomposed by a catalase-like 
activity on the surface into water and oxygen. 
Further work is needed to determine the detailed 
mode of bactericidal action, 

CONCLUSIONS 

1 ) The filtrate of the aqueous suspension of NO- 
VARON did not exhibit bactericidal activity. 
Therefore, the bioactive materials that play a 
major role in the bactericidal action are riot 
silver ions. 

2) The bactericidal activity of NOVARON was 
proportional to the intensity of visible light. In 
particular, the activity was enhanced by the 



irradiation of wave length region of about 650 
-780 nm. 

3 ) The bactericidal activity of NOVARON was 
extremely inhibited by the addition of cata- 
lase, superoxide dismutase or L-cysteine. 

4) When the aqueous suspension of NOVARON 
was irradiated with visible light, the formation 
of superoxide in the suspension was propor- 
tional to the wave length. 

5) A small amount of hydrogen peroxide in the 
aqueous suspension of NOVARON was detected 
when the suspension was irradiated with a white 
light under an atmosphere of oxygen or air. 

6 ) These findings lead to a conclusion that the 
bioactive materials that play a role in the 
bactericidal action are superoxide and hy- 
drogen peroxide formed by certain photo- 
chemical reactions. 
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